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(54) ANALYZER OF GAS, LIQUID AND LOOSE MEDIA 

(57) Abstract: 

FIELD: radio engineering measurement 
facilities. SUBSTANCE: invention may find 
use in study of ecology. Earth's ionosphere, 
oceanology and other branches of economy. 
Invention is meant to increase sensitivity 
of analyzer in upper measurement limit of 
active component of impedance and to expand 
measurement range in upper limit thanks to 
enhanced capacitance of primary converter 
(probe), . to capability of operation with 
companion primary converter (probe) at 
distance up to 11.0 km from resonance 
sensitive element and possibility of usage 
of primary converter (probe) with 
operational capacitance of order of 
0.1-100.0 pF. Resonance sensitive element is 
manufactured in the form oscillatory 
circuits coupled via transformer. Secondary 
oscillatory circuit and primary converter 
(probe) connected to it are shunted by 
active resistance and capacitance. Resonance 
sensitive element is made by diagram of 
series oscillatory circuit coupled to 
generator and amplifier. Secondary 
oscillatory circuit is coupled to converter 
and generator of pulse bias voltage, its 
inductance winding is connected with its 
ends through transfer capacitances and 
double-conductor high-frequency cable to 
electrodes of primary converter. Active 
resistance and cap3pitan.ee are placed 
between connection poirils :>of transfer 
capacitance with conductors high-frequency 
cable which means shunting of circuit and 



primary converter. EFFECT: increased 
sensitivity of analyzer in upper measurement 
limit of active component of impedance. 4 dwg 
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M3o6peTeHMe othocwtch k 
paflHOTeXHMMeCKMM M3MepMTeJlbHblM cpeflCTBawi 

n MOKer 6biTb Mcnortb30BaHO Ana 
nccneflOBaHMM b 3Konornw, KOHOccfcepe 3eMnw, 
oKeaHOJiomn m flpyrvix OTpacnflx HapoAHoro 
xo3^^cTBa ( HanpuMep 3awiep &na>KHocTn 3epna. 

M3BeCTHbl paflMOMaCTOTHbie H 

pe30HaHCHO-MMneAaHCHbie paAno30HAbi, 
npMMeHfleMbie Ana M3MepeHM« 
3neicrpo-paAMOct)M3MHecKvix m 

Cf)M3MKO-XMMMMeCKMX XapaKTepHCTHK paSJlUMHblX 

cpeA- 

C noMOU4bK> HM3KOMacroTHoro MMneAaHCHoro 
paAnosoHAa nccneAOBann HkwcHne o6nacni 
vioHOCc^epbi 3eMnn. 

HeAOCTaTKOM nprnweHfleMoro 
HM3KOMacroTHoro paAH030HAa flanaeTCfl 
HanuMMe norpeiUHOCTM H3MepeHntf, bhocmmoCi 

HOHHblMH npM3/ieKTpOAHblMM CnOflMM, 

orpaHMMSHHa?! eMKOCTb nepBUHHoro 
ripeo6pa30BaTenn [1] 

flrm wccneAOBaHHfl bgpxhum oo/iacTew 
noHocc|)epbi 3eMJin 6bi/i npniweHeH 

BblCOKOMaCTOTHblEl pe30HaHCHO-MMneAaHCHblM 

paAMQ30HA c nnnoo6pa3HbiM HanpswceHHeM 
cMemeHMfl. 

HeAocTaTKaMM ero OKa3anncb HH3Kaa 
MyBCTBurenbHocTb no aKTHBHofi cocTaannrameM 
MNineAaHca, orpaHMHeHHocTb ewKocTM 
nepBMMHoro npeo6pa30BarejiH b KOManeKTe c 
coeflMHUTe/ibHbiM Ka6eneM [2] 

B paoare [3] Ann nccneAoeaHUfl noHoco>epbi 

3eMnM npMMeHflJIMCb HH3KOMaCTOTHbltf H 
BblCOKOMaCTOTHblM HMneAaHCMeTpbi, 

paeoTaroiMne Ha MacroTax, MHororpaHHO 
npeBbiujawmHX mpoMan-MTHyK) MacTOTy 
sneicrpoHOB (f H =1 ,3 mTl^), HTo6bi HCKntoHHTb 
anMAHne 3aMamnHeHHOc™ n/ia3Mbi MamMTHbiwi 
no/ieM 3eMnn, oAHaKO c mx noMombto 6bmn 
M3MepeHbt nMUJb peaKTWBHbie cocTaanaiomwe, 
no KoropbiM onpeflenfljin KOHi^eHTpai^MK) 
oneicrpoHOB, a aKTMBHbie cocraBrifltouuMe 
MMneAaHca He nsMepRnncb no npwMMHe 

HeAOCTaTOMHOM HyBCTBMTeJlbHOCTM ycrpoMCTB. C 

L^enbfo noBbiiueHMfl MyBCTBurenbHocTn no 
aKTMBHO^ cocTaenflioiAefi HMneAaHca Ann 
AwamocTHKM paspexeHHofi ona3Mbi 6btn 
npuMeHeH fluc^epei-mnanbHbiM paAMb30HA, 
OAHaKO o>KMAaeMbie pe3ynbTaTbi AocTumyTbi He 
6bi.ni/i M3Mepnnncb nuiub peaKTMBHbie 
cocTaBJiflJoinne. HeAOCTaTKawin 
Anct3ct)epeHi4ManbHoro paAH030HAa oKa3anncb 
HH3Kaa MyBCTBHTenbHOCTb no aicrMBHoCi 
cocTaanntoiAeCi nwineAaHca, HannMne 
norpeuiHocTM M3MepeHMw ot noHHoro 
npManeKTpoAHoro cnon, orpaHwneHHOCTb 
eMKocru nepBMMHoro npeo6pa30BaTenfl [4] 

Han6o/iee 6hm3KMM k M3o6peTeHnto no 
TexHMHecKO^ cyiAHOCTM m AocTMraeiwoMy 
pe3y/ibraTy aanfieTCfl ycTpotfcTBo no 3aflBKe N 
4750813/25 ot 19.11.91 [5] 

Ha 0nr. 1a npMBeAeHa 

CTpyKTypHO-npMHi4nnnanbHafl cxewa ycTpotfcTBa 
npoTOTwna. OHa coAep>KMT reHepaTop 

30H AM py KD U\B TO M3CTOTHO M OAyn W po B3 H HOFO 

GHHycoMAanbHoro HanpyweHWH 1 , hctohhhk 
nocTOHHHoro Hanpn>KeHH5i 3 c a/ieiapoHHbiM 

KJltOMOM 2, AByXSneKTpOAHblM 30HA 4, 
pe30HaHCHblCl MyBCTBMTeJlbHbl^ 3JieMeHT 5, 

BbinonHeHHbiM no cxeiwe sKBUBaneHTa 
nocneAOBaTenbHoro Kone6arejibHoro KOHTypa 

CO BTOpMMHOM 06MOTKOM MHAyKTMBHOCTM M 

3ap«AHO-pa3pflAHow i^enbjo, cocTo^iAevi M3 
nocneAOBaTenbHO coeAHHeHHbix eMKocTn C 3 m 
pe3MCTopa R 2 , coe ah He h ho ro c o6une£i tohkom 
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cxewibi, a ewiKOCTb coeAHHeHa co cpeAHew 

TOHKOM BTOpWHHOM 06MOTKM MHAyKTMBHOCTM H CO 

cBo6oAHbiM KOHTaKTOM pene aneKTpoHHoro 
KnraMa 2. KpOMe Toro, eMKOCTb 
3apHAHO-pa3pnAHOM uenn Mepe3 
pa3AeJinTenbHyjo eMKOCTb coeAMHeHa c 
3MnrrepHbiM noBTopMTeneM 8, BbixoA KOToporo 
coeAHHeH c perncipaTOpOM HM3KOMacTOTHoro 
M3MepMTe/ibHoro CMmana U c (t) (cm. cfwr. 
26). TeHepaTop 30HAnpytomero MacTOTHO 
MOAynnpoBaHHoro cnHycowAanbHoro 
Hanpfl>KeHnyi 1 Mepe3 npoxoAHyra ewiKocrb 

BKJlMDMeH B HHAyKTMBHO-eMKOCTHyK3 BeTBb 

KoneoaTenbHoro KOHTypa. YcunnTenb 
b bico kom acTOTHoro M3MepviT6JibHoro cwrHana n 
aMn/iMTyAHbiPi A©TeKTop o6-beAMHeHbi b oahom 
6noKe 7 h Mepea mctokobbi^ noBTopmejib 6 
noAKntoneH k Kone6aTejibHOMy KOHTypy a TOHtce 

COeAHHeHMfl MHAyKTHBHO-eMKOCTHOCl H 

eMKocTHOtf BeTBe^ KOHTypa. BbixoA 
aMnjiMTyAHoro AeTetaopa coeAMHeH c 
pemcrpaTopoM. 

YcTpoMCTBO paooTaeT cneflyioiAMM o6pa3dM. 
Ha pe30HaHCHbiR MyBCTBMTenbHbiCi anewieHT m 
30HA OAHOBpeMeHHO noAatoT 30HAMpyioiAee 
Hanpfl>KeHne m nMnynbCHoe HanpflxeHMe 
cMeu^eHMfl nono>KMTejibHoii nonwpHocTM, npw 
3TOM soHA OAHOBpeMeHHO pa^OTaeT m KaK 
HMneAaHCHbiM paAH03OHA m KaK aneKTpi/NecKMfi 
MwinyjibCHbiM 3oha. Ha soHAHpytou^eM MacTOTHO 
MOAynnpoBaHHOM CMHyconAanbHOM 
Hanpa>KeHHH npn pesoHaHce MyBCTBMTenbHoro 
anewieHTa, H3MepflK5T atcrMBHyto R m peaKTM BHyto 
X c cocTaBrmiOLAi/ie BxoAHoro MMneAaHca Z 
30HAa, norpy>KeHHoro b HccneAyeMyK) n/ia3My, 
npH HanpjDKeHHM cMemeHun, npeBbimaKni^eM 
noreHi^naji njia3Mbi U n . Hanp5i>KeHMe CMeLi^eHM5i 
BbinojiHHer ABe cfcyHKijMH: oho HePiTpanM3yeT 
npHsneiapoAHbiPi MOHHbitH cnofi, npH stom 
noHH>KaeTcfl ypoBeHb U 1 (cm. a>nr 1b) 
BbicoKOMacTOTHoro H3MepMTejibHoro cwrHana m 

nOBblUJaeTCa TOMHOCTb M3MepeHM« aKTMBHO^ M 

peaKTMBHoPi cocTaBJifltoujMX nMneflaHca, n 
co3AaeT ycnoBMfl Ann 0opMnpoBaHH« 
HH3KOMacTOTHoro M3MepMTenbHoro cMmana, 

Q>OpMMpyeMOrO 30HAOBblM TOKOM Ha eMKOCTM 

3apflAHO-pa3pflAHotf i^enw n Hecyu^ero b ce€>e 

M3MepMTe^bHyK) MH4DOpMai4MK) o 

nnaBaMDiAeM w npocTpaHCTBeHHOM 

U n noTeHL^wanax nna3Mbi, TeMnepaType T e m 
KOHi^eHTpat^MM N e sneKTpoHOB. H3MepnTenbHyK) 
nHcjDopMauHto nonyMatoT nyTeM pacnino>poBKM 
3anncn M3MepMTenbHbix cumanoB c noMoiAbio 
rpaAynpoBOHHbix rpacpHKOB (cm. 4>nr. 3a, 6 m 
b), nonynaeMbix npw rpaAynpoBKe ycTpoi^cTBa 
nepeA 3KcnepnMeHTOM. 

PaciUMcjDpoBKy 3anncn M3MepMTenbHbix 
cuma/ioB BbinoriHfltoT b cneAyiomefi 
nocneAOBaTe/ibHocTM, HaMHHan c paciuno>poBKn 
BbicoKOMacTOTHoro cumana: 

na ynacTKax c MUHMManbHoi^ aMn/iMTyAoti 
onpeAennfOT 3HaMeHnn U 1w (t) m U2 M (t), no 
KOTOpbiM c noMoiMbJO rpa0MKa o>nr. 3a 
onpeAennroT 3HaMeHM« R -^(t), a c noMou^bJo 
rpac$)HKa c^mp. 36 m 3HaneHMflM R(t) onpeAenflioT 
Cx m aCx^q-Cx; 

no 3HaMeHMAM MSMepeHHbix napaMerpoB c 
noMotHbio nepBMMHbix cpyHKi4noHaribHbix CBfl3ei^ 
onpeAenntoT yAeribHyjo sneicrpHMecKyto 
npOBOAHMocTb, npMpauneHHe AH3JieKTpMMecKo^ 
npoHHijaeMoc™ Ae 7 , AnsneKipMHecKyto 
npoHMi^aeMOCTb ^ m TaHreHC yrna 
AMsneKTpMMecKMx noTepb MccneAyeMOM cpeAW 
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Ae' (t) = — OTH.ea 
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e'(t) = 1 ± At^t) OTH.ea (3) (3) 
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(4) 



a=8,85/C 0l C Q HaHa/ibHafl eMKOCTb 30HAa 
(nepBMMHoro npeo6pa30BaTenp). 

KoHt^eHTpai^M to GJieiapoHOB N e cm" 3 , 
acfKfceKTWBHyjo nacTOTy cToriKHOBeHMq 
anetcrpoHOB vCg^xfjC' 1 onpeAennioT M3 
coBMecTHoro peiueHMfl ypaBHSHMM Ana o m De', 
o6"beAHHflK)U4HX b ce6e M3MepeHHwe m 
onpeAenneMbie napawieTpbi [5] 



cr<t> 



(5) 



2,82*10 



-2 



H V 

2 2 



CM/M <5> 



AG' Ct.> = 3,19*XO 



OTH.ea <e> 



2 2 
W +V 

(6) 

Onpeflen^ioT AaeneHne P MOHH30BaHHoro 
ra3a b npn30HAOBo£i o6nacTn 

P(t) = 1 ,43.1 0-^v^t) a™ (7) (7) 
Hn3KOMacTOTHbifi M3MepMreiibHbi^ cwnan 

paCUJMCf)pOBblBaK)T B TaKoPi 

n ocneAOBaTenbHocTM : 

onpeAexiflioT n pocT pa HCTBe h h w U n m 
nnaBatoiUMfl noTeHLjnanbt ana3MW no 

M3MepHTenbHOMy cwmany: 

U n =OU n (B); U nn =-OV Tm (B)(8) 

onpeAenntoT TeMnepaTypy aneiapoHOB T e , 
ncnojib3yfl M3BecTHbie cooTHOuieHM« [6, 7, 9] 
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(9) 



tab e 3ap*A aneicrpoHa; 
y=5,04 Anw aTMOccftepbi; 
k nocroflHHafl Bo/ibi^MaHa; 
rrii M m e Macxa MOHa h Macca oneicrpoHa; 
onpeAe/inroT tok HacbiLneHHfl oneicrpoHOB I eo 
AU „ C 2 (10) 

< A> 



I - 
eo 



At 



rAe AU n M3MeHeHne HanpnxceHiifl Ha 30HAe m 
3apflAHO-pa3pflAHOti qenw 3a BpeMfl At Ha 
ywacTKe BC; 

C£ cyMMapHaa eMKOCTb 3apflAHO-pa3p*AHOM" 
L^enw, KOTopafl onpeAe/ifleTcn npn rpaAynpoBKe 
ycrpoMCTBa nocroflHHbiM tokom (cm. <J>mi\ 3b); 

onpeAeriflJOT KOHi^eHTpaL^Mio 



sneirrpoHOB n' 
cooTHoiueHMe [6] 



wcnoribsyfl n3BecrHoe 
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J (A/CM > 
N' = 4,03*10 — CM~ 3 
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3Aecb jeo= leo/S (A/CM 2 ) 
aneicrpoHHoro TOKa HacbJUjeHMfl. 



n/IOTHOCTb 
S (CM 2 ) 



(11). 



pa6oMan nnomaAb 30HAa. 

Ha 3tom paciuncf3poBKa M3MepnrejibHbix 
curHanoB 3aKaHMHBaeTCH. 

HeAocTaTKaMM npoTOTMna n Apyrwx 

M3BeCTHblX pe30H3 H CHO-M m n 6 AB HCH blX 
M3MepMTenbHblX yCTpOMCTB flBJIfltOTCn: 

orpaHUMeHHOcTb eMKOc™ m raCapuroB 
nepBMMHoro npeo6pa30BaTenfl (30HAa, AaTMwea, 

M3MepHTe/lbHO^ HMetfKM), MTO OipaHMMMBaeT 
Hy BCT BMTeflbHOCT b yCTpOMCTBa no aKTMBHOM 

cocTaanflJomefl MMneAaHca; 

orpaHMMeHHOCTb AnMHbi aneiapuMecKoCH 

riMHMM, COeAMH51K)LL^eM peSOHaHCHblft 

My BCTB M Ten bH bl Pi aneMeHT C nepBHMHbIM 

npeo6pa30BaTeneM, raK KaK M3JinuiHfl5i eMKOCTb 
Ann PM3 (pe30HaHCHbifi MyBCTBMTeribHbiCi 
oneMeHT) nponopUMOHa/ibHa AnwHe 3tom jihhmm. 

MMeHHO 3TM HeAOCTaTKM OfpaHUMMBaJOT 

npwMeHeHMe pe30HaHCHo-MMneAaHCHbix 
MeTOAOB m ycTpoCiCTB An« mx peann3ai4MM b 

3KOJ10rHM, KapOTa>Ke He4)T«HbIX CKBaXCWH, 

ruAponorvtM, . oKeaHonorvin, ynpaBneHtin 
npon3BOACTBeHHbiMM npoqeccaMM m APyrvix 
ycnoBMflx, rAe TpeGyeTca npuMeHeHMe 
BbtHOCHbix nepBMMHbix npeo6pa30BaT&netf h 
npeo6pa30BareneCi c Gonbiuo^ paGcnetf 

eMKOCTbtO. 

L|erib M3o6peTeHMfl sawiroMaeTC^ b 
. noBbiLueHMM HyBCTBMTertbHOCTM ycrpoPicTBa no 
BepxHeMy npeAeny M3MepeHM^ aKTMBHO^ 
cocTaB/iflioii^eti MMneAaHca m pacLUMpeHup 
A«ana30Ha M3MepeHHfl no BepxHeMy npeAeny 3a 
CMer yBennneHMfl eMKocTM nepBUMHoro 
npeo6pa30Barenfl (30HAa), bo3moxchoctm 

pa60Tatb C BblHOCHbIM nepBMHHbIM 

npeo6pa30BaTeneM (3ohaom) Ha paccTORHMn 
10-100 m ot pe30HaHCHoro MyBCTBMTenbHoro 
oneMeHTa m bo3mo>khoctm npvtMeHeHMfl 
nepBUHHoro npeo6pa30BaTenyi (30HAa) c 
pa6oneCi eMKOCTbto nop^AKa 0,1 a° 100 n<p. 

Uenb AocTHraeTca . b pesynbTaTe 
npuMeHeHUfl PM3, BbinonHeHHoro b bha& 
TpaHC0opMaTopHO CBflsaHHbix Kone6aTenbHbix 
KOHTypoB, npimeM BTopMMHbi^ Kone6aTenbHbitf 

KOHTyp H COeAMHeHHblCl C HUM nepBMMHbIM 

npeo6pa30BaTenb (3oha) 3aujyHTnpoBaHbi 

aKTMBHbIM COnpOTMBneHMeM \A eMKOCTbK). 

nepBMHHbiM pe30HaHCHbii* KoneGaTenbHbiPi 
KOHTyp (PH3) BbinonHeH no cxeMe SKBMBaneHTa 
nocneAOBaTenbHoro Kone6aTenbHbro KOHTypa, 
oh cBnsaH c reHepaTopoM 30HAMpy(omero 
HanpfljKeHMfl m ycwnMTeneM M3MepnTenbHoro 
cumana. BTopvmHbiM Kone6aTenbHbi« Kornryp 
cBnsaH c npeo6pa30BareneM m reHepaTopoM 
HMnynbCHoro HanpaxceHHfl cMeLi^eHMfl, b HeM 

o6MOTKa K H Ay KT M B H OCTH CBOHMH KOH143MH Hepe3 

npoxoAHbie eMKocTM C 3 n C 5 m AByxxunbHbiti 
BbicoKOMacroTHbiCi Ka&enb coeAMHeHa c 
oneKTpoAaMM nepBMMHoro npeo6pa30BaTenfl, 
npn stom napannenbHo cBfl3aHHbie aKTMBHoe 
conpoTUBneHne m eMKOCTb C 4 BtcntoMeHbi 
Me>KAy T0MK3MM coeAMHeHMfl npoxoAHbix 
eMKOcre^ c >KnnaMM BbicoKOMacTOTHoro Ka6ena, . 
mto osHanaeT myHTMpoBaHne KOHTypa m 
nepBMMHoro npeo6pa30BaTenfl. Hanp^xeHMe 
CMemeHMfl noAaeTca b cpeAHfOK) TOMKy 
ujy htm py jomero conpoTMBneHMfl R ^ KOTopoe 
coctout M3 Asyx paBHbix nocneAOBaTenbHo 

BKntOHeHHblX peSMCTOpOB Ruj=R2+R3=2R2=2R3, 

eMKOCTb 0^= C 4 He MeHee neM Ha nopnAOK 
npeBbiiuaeT pesoHaHCHyra eMKOCTb a^h AaHHoro 
Kone6aTenbHoro KOHTypa. Ka>KAaq M3 
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npoxoflHbix eMKOCTew b Asa paaa npeBbiuiaeT 
pe30HaHCHyio eMKocTb KOHiypa. lilyHTwpytomee 
conpOTMBneHne paBHo yABoeHHOMy 3HaHeHwo 
conpoTMBneHUtn no BepxHeMy npefleny 
AnanaaoHa n3MepeHnw ycTpoticTBa 6e3 wyHTa. 
floASnpafl wyHTwpytomee conpoTHBJieHwe 
M3MeHfltoT Anana30H w3MepeHHfi aKTMBHoti 
cocTaBnpKJineCi Ha ABa-Tpn nopaAKa. 
AHanorMHHo, n3MeH5ifl 3HaneHHfl uiyHTMpyioinefi 
eMKOcru, MSMeHflioT AHanasoH K3MepeHHtt no 
peaicn/iBHofi cocTaBJinHDi^e^. UJyHTtipoBaHMe 

KOHTypa M 30Hfla nOBblLUaeT HyBCTBHTeJlbHOCTb M 

pacujwpfleT A^anasoH H3MepeHWfl no BepxHeMy 
npeAe-ny aKTHBHotf cocTaBJifltomefl HMneAaHca. 
LUyHTMpoBaHne KOHTypa eMKOCTbto noBbiwaeT 
MyBCTBMTe/lbHOCTb no aKTHBHOtf cocTaBrmwmetf 
MMneflaHca nponopunoHanbHO yBefiMMeHUJO 
eMKOCTM nepBUMHoro npeo6pa30BaTenfl h 
no3BO/ij?eT yAnwHHTb coeAHHWTenbHbiH Ka6enb w 

padOTaTb C BblHOCHbIM nepBUMHbJM 

npeo6pa30BaTeneM t yAaneHHbiM ot PM3 Ha 

AeCflTKM MeTpOB. 

CpaBHeHkie npeAnoaceHHoro peiueHWH c 
npoTOTunoiw m ApyntMH peiueHi/mMi/i 3Toro xe 
HanpaBneHHH noKa3ano, mto npeAnaraeMoe 
ycTpoticTBo Arm aHanHsa ra30Bbix, jkmakhx h 
cbinyMMX cpeA oTrtHMaeTca BbicoKofl 

MyBCTBMTenbHOCTbK) no aKTMBHOli 

cocTaBn«K5ujieCi nMneAaHca m ujmpokhm 
AManasoHOM H3MepeHntf, MHororpaHHOCTbio 
npuMeHeHMPi. 

H3o6peTeHne noacHneTca 4? nr. 1 4. 

Ha cpur. 1 noKa3aHa 

CTpyKTypHo-npuHL^nnnajibHafl cxewia ycTpoiteTBa 
npoTOTMna; Ha c$wr. 2 a) 
cTpyKTypHO-npuHL^MnnanbHafl cxerwa ycrpoCicTBa 
3aflBrmeMoro M3o6peTeHKfl, 6) cpopMa 
Hanp«>KeHMfl cMeu^eHMfl, b) cfcopMa 
M3MepnTertbHoro ci/ima/ia; Ha a>wr. 3 c£opMa 
rpaAyMpoBOMHbfx rpacfniKOB ycTpotfcTB 
npoTOTwna w 3aHBrmeMoro ycrrpoPicTBa; Ha a>nr. 
4 cfcopMa rpaAywpoBOMHoro rpacfcwKa ycrpoficTBa 

no COnpOTUBJlGHMK) M 0MKOCTH Mepe3 nMKOBblCl H 
CMHXpOHHO-nnKOBbIM A^TeKTOpbl. 

Ha cf)nr. 2a npwBeAeHa 

cTpyicrypHO-npMHi^MnManbHafl cxeMa 
3aflBnneMoro ycTpotfcTBa c pa3BepHyTofi 
npuHUnnnaribHO^ cxeMotf pe30HaHCHoro 
HyBCTBHTonbHoro sneMeHTa (PM3) m 
3apflAHO-pa3p«AHO^ L^enM (3P). OHa coa©P>kmt 
reHepaTop 30HAHpy»oinero HanpaxeHWH 1 , 
reHepaTop MOAynnpytou^ero Hanpa>KeHHfl 2, 
pe30HaHCHbiti MyBCTBMTenbHbi^ aneMeHT 3, 
nepBUMHbiti npeo6pa30BaTe/ib 4 b KOMnneiae c 

BblCOKOMaCTOTHbIM Ka6eJieM, COeAMHflHDLUMft 

nepBUMHbi^ npeoGpa30BaTenb c pe30HaHCHbiM 

HyBCTBHTe/lbHbJM SHewieHTOM, 3/ieKTpOHHbl^ 
KTIK)H 5 H MCTOMHHK nocTOAHHoro HanpaxeHHfl 6, 
HCTOKOBblfl nOBTOpHTeJlb 7, MCTOKOBblfl 

noBTOpnTerib 8, ycunmenb BbicoKOMacTOTHoro 
cwmajia 9, b KOMoneKTe c hum aMnxiMTyAHbiR 
AereKTop, nuKOBbi^ A©Teiaop 1 0, 
CMHXpoHHO-nnKOBbiM fleTeKTOp 12, ynpaBnneMbiM 
MOAynnpyiou^MM Hanpa>KeHneM, noAaBaeMbiM ot 
reHepaTOpa 2 Mepe3 pa3BA3biBaK)Li^MCi 6jiok 1 1 , 
LjuicfcpoBOM perncTpaTop n3MepnTenbHbix 
CMmanoB 13. 

Pa6oTaeT ycTpowcTBO no npnHi4nny 
pe30HaHCHo-MMneAaHCHoro MeTOAa MSMepeHnPi: 
Ha PM3 h nepBUMHbiPi npeo6pa30BaTerib (soha) 
oAHOBpeMeHHO noAaioT 30HAHpyK3i^ee 
HacroTHO-MOAynnpOBaHHoe cnHycoMAaribHoe 
Hanp«>KeHMe ot reHepaTopa 1 m nwinynbCHoe 
HanpjwceHne CMeineHM^ ot reHepaTopa 5, 
aMn/iMTyAa MMnyribcoB b Asa-Tpn pa3a 
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npeBbtiuaeT noTeHL\Man nna3Mbi (npocrpaHCTBa). 
B PM3 nacTOTHO-MOAyJinpOBaHHoe 

CMHycoMAanbHoe Hanp?i>KeHMe 
npeo6pa30BbiBaeTca b 
aMnnnTyAHo-MOflynnpoBaHHoe CMHycoMAanbHoe 
HanpflxeHMe m CTaHOBMTC^ n3MepnTenbHWM 
BbicoKOMacTOTHbiM curHajioM. Hanpfl>KeHHe 
CMeiueHUR 3ap^AMB 3P Ltenb m nepBMMHbtw 
npeo6pa30BaTerib ao MMnynbCHoro 3HaneHMfl 
oTKnroHaeTCfl, b stot momsht 3P L\enb HaMMHaeT 

pa3pfl)KaTbCfl SOHAOBbIM TOKOM I e o- n P M 3TOM 

Ha eMKOcTH 3P L^enn o>opMnpyeTCfl 
hh3 KonacTOTH bi ti M3MepnTenbHbrw cumaxi B bma© 
Hanpfl)KeHMfl U c (t) (cm. cpwr. 26). 
BbicoKOMacTOTHbiM M3MepMTenbHbi^ cuman c 
BbixoAa PM3 nocTynaeT Ha ncTOKOBbif^ 
noBTOpMTenb, 3aTeM Ha ycwitiTenb, 
aMannTyAHbiii ASTeicrop; c oahofo M3 BbixoAOB 
aMnnnTyAHoro AeTeicropa M3MepMTenbHbiM 
cuman Ui,2 nocTynaeT Ha pemcTpaTop, c 
Apyroro BbixoAa nocTynaeT Ha nwcoBbiB 
AeTeKTop, Ha BbixoA© KOToporo curHan 
U ! nojiynaeTCJi b bma© HenpepbiBHoti rtMHMM; c 
TpeTbero BbixoAa aMnnnTyAHoro AeTeiaopa 
curHan nocTynaeT Ha cnHxpoHHo-nnKOBbiw 
AeTetcrop, a Ha ero BbixoAe nonyMaeTc^ U 2 a 
BMAe HenpepbiBHOM jimhhm (cm. rpaAynpoBOHHbiw 
rpacfcMK cj)Mr.4). Ha o>nr. 2b noKa3aHa c^opMa 
M3MepnTenbHoro cumana 2. 4>opMwpyeMafl b 
TeneHne oahoto nepMOAa HanpflxeHMfl 
CMeu4eHM«. Bmaho, mto ypoBeHb U<t npuHMMaeT 
HeKOTopbiK MMHMMyM U«t M> KorAa HanpwxeHne 
CMemeHMfl npeBbituaeT noTeHi4nan nna3MH 
(npocTpaHCTBa) b npn30HAoaoti o6nacTM. 3to 
yMacTOK B C (cpw r. 26) , Ha kotopom 
HM3KOMacTOTHbivi M3MepiiTeribHbiM cwrHan 
U c (t) =u 3(t) MMeeT nnHePiHyK) 4)opMy, 
cneAOBaTejibHO, oh cf>opMwpyeTCfl nocTOAHHbiM 
sneKTpOHHbiM tokom HacbiiAeHMfl npw 

OTCyTCTBMM HOHHOTO CTIOfl. YpOBeHb 

U i>Ui„ HaSnioAaeTCfl Ha ynacTKax, rAe Ha 
oneKTpoAax soHAa npucyTCTByeT MOHHbie cnon 
3TO yMacTKM Cfl m flE, a Ha ywacTKe flE Ha 3oha 
OAHOBpeMeHHO nocTynaioT paBHbie KonimecTBa 
sneKTpOHOB m hohob, o6pa30BaBLLinPicH npn 
3TOM noTeHuwan 11^, HasbiBaeTC^ nnaBafoiAMM 
noTeHUManoM nna3Mbi. 

nepeA 3KcnepnMeHTOM ycTpot^CTBO 
rpaAynpyioT no conpoTMBJieHHto R x w no 
eMKOcru C x ; c£opwa rpaflynpoBOHHbtx rpacpuKOB 
npuBeAena Ha o>nr. 3 n cfinr. 4. PacujucJipoBKy 
3anncn n3MepMTenbHbix cumanoB BbinoriH^fOT b 
cneAyfOLM©^ nocneAOBaTeribHOCTM, HaMHHa5» c 
pactuncjspoBKM BbicoKOHacTOTHoro cwmana: 

Ha yMacTKax c MMHMManbHbiM ypoBHeM 
U i M onpeAeriflfOT 3HaMeHM« U i M (t) m U2 M (t). 
no KOTOpbiM c noMoiubto rpaAynpoBOMHoro 
rpacpuKa Tuna cpvir. 3a onpeAermtoT R x (t) t a c 
noMotAbio rpa0MKa Tuna a>nr. 36 n 3HaMeHntf 
R x (t) onpeAennioT 3HaneHMfl C x m aCx= C 0 -C x ; 

onpeAe-nflKJT yAenbHyro sneicrpHMecKyK) 
npoBOAHMOCTb ct, npkipau^eHne 

AHsneKTpvmecKotf npOHMi4aeMOCTM D&, 
AMoneicrpuHecKyK) npoHnqaeMOCTb ^ m TaHreHc 
yma AH3-neKTpnHecKnx noTepb, ncnorib3yfl 
H3MepeHHbie BennMHHbi m nepBMHHbie 
4>yHKi4H0HanbHbie cba3M 
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J(t) = 1 ± A^(t)oTH.efl(14) 
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KoHi^eHTpai^nio snetapoHOB N e cm" j m 

30Cf)eKTMBHyK) MaCTOTy CTOflKHOBeHHq 

aneicrpoHOB vC^^c" 1 onpeAenaioT \az 
coBMecTHoro peiueHMfl ypaBHeHnw Ana a m De', 
o6-beflMHfltotnnx b ceoe n3MepeHHbie m 
onpeflejifleMbie napaMerpu 

N V 

—2 e 



act> = 2,82*10 



CM/M 



(16) 



N 



(17) 



oth. ea 



Z 2 
CO +v 

O 3$$ 

onpefle/ifltoT flaBjieHne P MOHMaoBaHHoro 
ra3a b npn3OHfl0Bovi oSnacTM 

P(t) = 1,43.10- 11 y >(M ^TM(18) 
Hl/l3KOMaCTOTHblfl M3MepWTenbHb(M cMixan 

paciUMct)poBbiBa»OT B TaKOfl" 

ncx^ieflOBaTen bHOCTM : 

onpeflejifljor npocTpaHCTBeHHbiM U n n 
nnaBa*omni3 noTeH4na/ibi 

U n =OU n (B); Unn-OU^fB) (19) 

onpeAenaioT TewinepaTypy aneKrpoHOB T e , 

MCnOJlb3yfl M3BeCTHbie COOTHOLUGHMfl 

" » (20) 



-<K> 



-<K> 



K K i 

r— + —In 

e 2e ro 



e 3apnfl GjieicrpoHa, " T =5,04'-5,04 
nocTOHHHafl ahh ajMoco>epbi, k nocTOAHHaa 
EonbLiwiaHa, rnj m m 0 wiacca MOHa n Macca. 
aneicrpoHa; 

onpefle/iflioT 3HaneHMe aneiopoHHoro TOKa 

HaCbJLHeHMfl leo 



AU C, 



(21) 



eo 



At, 



3flecb AU n n3MeHeHwe HanpaweHMH Ha 
cyMMapHoii eMKOcTM C£ 3a BpeMFi Dt, A 
cyMMapHafl eMKOCTb 3P* i^enn, KOTopafl 
onpefle/iflercfl npn rpaAynpoBKe ycrpotfcTBa 
nocroHHHbiM tokom (cjwr. 3b); 

onpeAenwtoT KOHi^eHTpaLiMfo aneicrpOHOB 
N' e , ncnojib3yfl M3BecTHbie cooTHotueHMq 



N' = 4,03*10 



mn J (A/CM 2 ) 
13 eo -3 



—CM 



(22) 



rAe j eo - W§ (A/cm 2 nnoTHocTb onetcrpoHHoro 
TOKa HacbiineHun; 

S (cm 2 ) paooMaa . nnoinaflb nepBM^Horo 
npeo6pa30BaTe/i« (30 has). 

Ha 3tom pacujnct)poBKa H3Mepnre/ibHoCi 

HHC^OpMaUHM 3aKOHMSHa. 

PesyjibtaTbi M3MepeHMM\ nonyqaeMbie 
pe30HaHCHo-ytMneHAaHCHbiM MeTOAQM, 

TO)KAeCTBeHHO OAMHaKOBbl KBK B npOTOTMfie, T3K 
M B 3a5?BJlfleMOM M306peTeHMM. OAHaKO 

3aflB/i5ieMoe ycTpotfcTBo no3BonaeT pacujupurb 
Anana30H M3MepeHnPi aKTMBHOM* cocTaBnatouieM" 
Ha norjTopa ABa nop^AKa 3a cner yBe/iMneHMfi 
©mkoctm nepBUHHoro npeoSpasoBaTena no 
cpaBHSHMjo c npoTOTMnoM m, KpoMe Toro, 
3a*BnaeMoe ycTpotfcTBO no3BonaeT pa6oTarb c 
BbiHocHbiM nepBMMHbiM npeo6pa30BaTeneM 
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(30HAOM) Ha paCCTOflHMM AO 11 KM OT 

pe30HaHCHoro MyBCTBMTanbHoro aneMeHTa. 
HocneAHee no3Bon*?eT npoBOAMTb n3MepeHnn b 
myGnHax npoGypeHHbix cKBaKMH, b my6MHax 
Mopeii, OKeaHOB, b 3onax, rAe nenoBeKy onacHo 

HaXOAMTbCfi (npM Ha/IMMMM OTpaBJlfllOlUHX 

BemecTB, paAnai^MOHHafl onacHOCTb m T.n. 
3apa>KeHHbix cpeAax), b pasnnMHbix 
TpyAHOAOcrynHbix MecTax. 

1. KpacHyniKMH E.n. n KonecHUKOB H.J1. 
reoMameTM3M m aapoHOMwn. 1965, 5, N 1, 

2. KonecHMKOB H.J1. m flp. Abt.cb. N 388221. 

3. AKceHOB B.M. m AP- KocMMMecKMe 
nccneAOBaHMfl. 1976, N 3, c.392. 

4. KonecHMKOB HJ1. m AP- Cnoco6 M3MepeHnn 
MMneHAaHca nna3Mbi. Abt.cb. N 458749. 

5. KonecHMKOB H.J1. m AP- 3aflBKa N 
4750813/25 ot 19.11.91. 

6. fpaHOBCKwrt B.X1. OnetcrpuHecKMii tok b 
ra3ax, t.1, M. 1952. 

7. rwH36ypr B./l. PacnpeAeneHne 
sjiaicrpoManHMTHbix bojih b nna3Me. M. HayKa 
1976 r. 

8. flonyxaHOB M.n. PacnpocTpaHeHne 
paAWOBojiH. M. 1960 r. 

9. LUbm/ikmh B.H. m AP- <^M3HHecKa« 
on e ktdoh m Ka b 3aAanax. M. Hayio, 1977 r. 

10. HnKonaeB B.M. PaAnoTexHMKa m 
oneicrpoHMKa, 1986, t.31. N 6, c.206. 

c&opwyna M3o6peTeHM«: 

YcTpoMCTBo aha aHajiM3a ra30Bbix, kmakmx m 
cbinyMMX cpeA, coAep>KaLAee 3oha, reHepaTop 
3OHA^pyi0iAero Hanp^eHnw, k axoAy KOToporo 
noAcoeAMHeH reHepaTop cwHyconAaribHoro 
MOAynnpyiomero Hanpfl^eHMP, pe30HaHCHbiR 
MyBCTBHTeribHbi^ aneMeHT n nocneAOBareribHo 
coeAMHeHHbie ycmiMTerib BbicoKoti MacTOTbi m 
aMnnnTyAHbivi A©TeKTop, oTnuMafoiAeecn tbm, 
mto BBeAeHbi nocneAOBaTeribHO coeAMHeHHbie 
riMKOBbiPt AeTeKTop m qMQ>poneMaTatt)iAMM 
penicTpaTop, nepBb^ mctokobum noBTopMTerib, 
bwxoa KOToporo coeAMHen c bxoaom ycMriMTenn 

BbJCOKOft MaCTOTbt, BTOpOM* MCTOKOBbl^ 
nOBTOpMTe/lb M pa3B513blBaK)lAMK 6JIOK, 

BKntoHeHHbiM Me>KAy ' BbixoAOM reHepaTopa 
MOAyriMpyioiAero Hanpfl>KeHMfl m nepBbiM 
bxoaom BBeAeHHoro cMHXpOHHoro ASTeicropa, 

MCTOHHMK nOCTOHHHOrO HanpflXeHMfl CMeiAeHMH, 

OTpMLtaTenbHbi^ nonioc KOToporo coeAMHeH c 
o6meM lumhom, a nojio>KMTenbHbiM nontoc ^epes 
nepBb»R pe3MCTop coeAMHeH c noABM>KHbiM 
KOHTaKTOM oneKTpoHHoro pene, HopManbHO. 
pa30MKHyTbiw KOHTatcr KOToporo coeAMHeH Mepe3 
nepBbiM KOHAeHcafop c bxoaom BToporo 
MCTOKOBoro noBTopMTerifl, a Mepe3 
nocneAOBaTeribHO coeAMHeHHbie BTopofi 
KOHAeHcaTOp m BTopotf pe3MCTop c o6u^eM 
iiiMHoCi, BbixoA aMnnMTyAHoro AeTeKTopa 

COeAMHeH C BTOpbIM BXOAOM CMHXpOHHOrO 

Aereicropa m nepe3 nMKOBbJM AeTeKTop c nepBWM 
bxoaom L^Mo>poneMaTaioiAero pemcTpaTopa, k 
BTopoMy BxoAy KOToporo noAKniOMeH BbixoA 

CMHXpOHHOrO ASTeKTOpa, npM 3T0M pe30HaHCHblM 

MyBCTBMTenbHbiPi oneMeHT BbinonHeH a BUfle 

AByX TpaHCCjDOpMaTOpHO CB513aHHblX KOHTypOB, 

Ka>KAbiM KOHei^ nepBMMHoC* oOmotkm KOToporo 

Mepe3 COOTBeTCTBytOU^MM npOXOAHOM 

KOHAeHcaTOp coeAMHeH c oSmefi lumhom, k 
OAHOMy KOHqy nepBMMHOM o6motkm Mepe3 
TpeTMM pesMCTop noAKnwMeH BbixoA reHepaTopa 
30HAMpyKDiAero Hanp^eHMfl, a APyroPi KOHeq 
coeAMHeH Mepe3 TpeTMM koh Ae Hca to p c bxoaom 
nepBoro MCTOKOBoro noBTopMTenfl, a k Ka>KAOMy 
KOHqy btopmmho^ oGmotkm pe30HaHCHoro 
MyBCTBMTenbHoro oneMeHTa Mepe3 npoxoAHOM 



o 

00 

to 
o 



-7- 



KOHAeHCaTOp H COOTBeTCTByiOlMMPi npOBOflHMK 

AByx>KnnbHoro BbicoKOMacroTHoro Ka6e/ifl 
noAKnraHeH 3oha h napannexibHO coeAHHeHHbie 
HeTBepTblM KOHAeHCaTOp m LuyHTMpytoinwti 



pe3Mcrrop, cpeAHflp TOMKa KOToporo coeflUHeHa c 

HOpMa/lbHO paSOMKHyTbIM KOHTatCTOM 

anetcrpoHHoro pene. 
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